Chewing gums are mobile drug delivery systems. It is a potentially useful means of administering drugs either locally or systemically via, the oral cavity. The medicated chewing gum has through the years gained increasing acceptance as a drug delivery system. Several ingredients are now incorporated in medicated chewing gum, e.g. Fluoride for prophylaxis of dental caries, chlorhexidine as local disinfectant, nicotine for smoking cessation, aspirin as an analgesic, and caffeine as a stay alert preparation. MCGs are solid, single dose preparations with a base consisting mainly of gums that are intended to be chewed but not swallowed. They contain one or more active substances which are released by chewing and are intended to be used for local treatment of mouth diseases or systemic delivery after absorption through the buccal mucosa.
INTRODUCTION
The chewing of non-food items for pleasure has a long history (Cloys et al., 1992) . Tree resins were chewed by the ancient Egyptians, the Mayan Indians, and the early American Indians. The first commercial chewing gum, State of Maine Pure Spruce Gum, appeared in 1848. 1 The first medicated chewing gum was introduced in the USA in 1924 with the brand name Aspergum® .2 But history suggests that chewing of non-food items for the purpose of pleasure is as old as ancient Egyptian, Mayan civilizations. In 1848, the first commercial chewing gum named State of Maine Pure Spruce Gum appeared in the market whereas the first patent was issued to Dr. W.F. Semple who was a dentist at Ohio in 1869. Many people chew gum partly due to the belief that it in-creases aspects of mental performance, including concentration . 3 As chewing gums are taken orally and oral route of drug delivery is the most preferred route amongst the patient and clinicians due to various advantages it offers. 4 In recent years chewing gums are considered to be friendly oral mucosal drug delivery systems . 5 Chewing gum has been used to deliver therapeutic agents such as nicotine for smoking cessation therapy (Batraet al., 2005; Moore et al., 2008).6 7 A medicated chewing gum is solid, single-dose preparation that is intended to be chewed for a certain period of time, deliver the drug and which may contain one or more than one active pharmaceutical ingredient (Mehta et al., 2010 ).8
During chewing the drug contained in the gum is released into the saliva. The released drug has got two fates; either it could be absorbed through the oral mucosa or may reach the stomach for GI absorption. In fact both these two fates may occur simultaneously. So, medicated chewing gums offer both local and systemic effect. This drug delivery system offers two absorption pathways. Drug absorbed directly via the buccal membrane avoids metabolism in the gastrointestinal tract and thus the chance of first pass effect of the liver. As a result drug formulation as medicated chewing gum may require reduced dose compared to other oral drug delivery systems.
Composition
The most important material in chewing gum formulation apart from the active ingredient is the gum base which is an inert and insoluble nonutritive component. The other materials may be grouped as water soluble bulk portion (Zycket al., 2003)9. Table 1 
Benefits
Medicated chewing gums offer a range of advantages as identified by the classic review work of Imfeld in 1999.2. The advantages may be summarized as bellow:
• Chewing gum can be used without water, at any time, and everywhere. • As the incorporated therapeutic agents are protected from oxygen, light, and water, product stability is good. • Chewing gum can produce both local effects in the mouth (local delivery) and systemic effects after the active agents have been swallowed or (preferably) after they have been absorbed through the oral mucosa. The later is of special interest with respect to bioavailability, since it avoids metabolism of the drug in the gastrointestinal tract and the so called liver-first-pass effect, because oral veins drain into the vena cava.
The other benefits that chewing gum may offer as a pharmaceutical dosage form are (Heema and Stuti, 2010,Rassing, 1996 ; Su-rana, 2010);11,12,13,:
Fast/rapid onset of action. 2.
High bioavailability. 3.
Pleasant taste.
4.
Ready for use .
5.
High acceptance by children and for patients who find swallowing tablets difficult .6. Fewer side effects. 7.
Effect on dry mouth (xerostomia). 8.
Product distinctiveness from a marketing pers-pective. 9.
Excellent for acute medication.
Sugar-Free Chewing Gums
The main ingredients of a modern day chewing gum is a combination of powered cane or beet sugar (50-65%) chewing gum base (18-30%) corn syrup (12-20%) colour and flavouring agents (1-2%) and softeners (0.3-3%).
Importantly more than half of its ingredients are sugar. The sugar used in sugared gum is sucrose, fructose and or hydrogenated glucose. In sugar-free gums sugar substitutes are used. The term sugar-free may be misleading.
The sugar substitutes commonly used may be bulk sweeteners like sorbitol,mannitol or xylitol or intense sweeteners like aspartame. 14 These polyols have all been certified as safe for teeth by appropriate plaque pH testing; thus,while their inherent sweetness helps to stimulate saliva, their rate of metabolism and acid production by the oral (plaque) bacteria is slow and does not cause an effective drop in the plaque pH, so the net effect is an increase in the plaque pH. There has been considerable research to test whether certain polyols show superior efficacy.
One specific example is xylitol, a fivecarbon polyol sugar, the most widely used sugar substitute in chewing gum which cannot be metabolised by the acid-forming bacteria in the dental plaque. Although in theory this should confer some advantage for xylitol as a sweetening agent, clinical data confirming the superior efficacy of xylitol over other polyolsin chewing gum for prevention of plaque, . There is still an uncertainty about the nature of the effect of xylitol in caries. One view is that is merely replaces sucrose with a non-metabolised substance and thus prevents acid production by Streptococci mutans, which thrives best on sucrose. On this basis xylitol can be described as a noncariogenic, but not anticariogenic.
Sorbitol and mannitol are polyols that are metabolised by oral bacteria so slowly that any acid produced is simultaneously neutralised;hence they are considered noncariogenic. 15 Aspartame invitro as well as in rats have shown their ability to reduce adherent plaque formed by Streptococci mutans and considered as non cariogenic as well as anticariogenic, 16,17.
Fluoride-containing chewing gum
Fluoride-containing chewing gum was proposed early asan alternative to fluoride mouth rinses and tablets forpersons with rampant caries and for children living inareas with a fluoride concentration of the drinking water below 0.7 mg F-per liter and no salt fluoridation. Fluorideis readily released from chewing gum. After 10 min ofmastication, from 80 to 94% is dissolved in oral fluid(Duckworth and Emslie, 1961). The effect of fluoridecontaining chewing gum on the remineralization ofartificial caries lesions worn in situ has been investigated. In a larger (N=15) in situremineralisation study, which also specifically excluded use of fluoridedentifrice, failed to show an overall difference in remineralisationparameters between fluoride-containing and placebo gums.18
Chlorhexidine containing chewing gums
The proven efficacy and the advantages of CHX-containingchewing gum over CHX rinsesi.e., less bitter taste,better oral distribution, less staining, longer oral presence,and convenience of intake-clearly make CHX-containingchewing gum a valid choice for persons with ahigh caries activity, especially for oligosialic (hyposalivary)and xerostomic people. CHX-containing gum is further indicated for patients undergoing periodontal therapy, e.g., in initial therapy following scaling and in themaintenance phase, when oral hygiene proves insufficient.CHX gum should also be chewed by persons temporarilyunable to perform mechanical oral hygiene for whatever reason. A number of studies of chlorhexidine (CHX) gum andplaque/gingivitis have been undertaken, and most have demonstrated significant plaque-and gingivitis-reducing effects of the CHX gums.19 ,20 However, as described earlier, there may be regulatory and consumer acceptance issues with marketing a chewing gum with a strong antimicrobial agent, especially one where there is a known taste issue. Therefore, CHX gums may be indicated for high caries patients only.
Carbamide in chewing gum
Carbamide helps to neutralise plaque pH more effectively than regular sugar-free gum, although the clinical research findings on the addition of this ingredient to chewing gum are equivocal. Some studies showed that Carbamidecontaining gums helped to neutralise plaque pH more effectively than placebo gum,21,22.while others found no differences in terms of either plaque pH response after sugar challenge or extent of remineralisation in subjects who chewed either urea or placebo gums for four weeks.18 23
Mineral salts in chewing gum
Calcium and phosphatesupplementation of the diet was assumed to increasethe buffering potential and to decrease the demine ralization capacity of plaque at the site of the cariogenic challenge (Nizel and Harris, 1964).
Casein Phospho Peptide Amorphous Calcium Phosphate (CPP-ACP), a milk produce that can strengthens teeth and help prevent dental caries was introduced in 1999. A systematic review with meta-analysis concluded that chewing gum containing CPP-ACP had remineralising potential on short term use and cariespreventing potential on long term use. 24 CPP has a remarkable ability to stabilise calciumphosphosyl residues by forming clusters, localises ACP in dental plaque which buffers the free calcium and phosphate ion activities, there by helping to maintain a state of super saturation with respect to tooth depressing demineralisation and enhancing remineralisation.
The clinical evidence for a superior demineralising/anti-caries effect of casein-calcium conjugates, such as CPP-ACP, has previously been reviewed.25-27 Based on these reviews there is still no scientific consensus that CPP-ACP provides superior remineralisation benefits in a chewing gum delivery system, and the published in situ chewing gum studies have for the most part relied on a methodology that has been criticised.26 Therefore, while CPP-ACP shows promise as a demineralising agent in topical pastes, creams and rinses,25,27its efficacy in chewing gum requires confirmation by independent research groups. 
Probiotic in chewing gums
Probiotic therapy has the potential to provide oral health benefits,through modulation or suppression of oral pathogens, although chewing gum studies are rare, and few of these have determined an end point directly relevant to caries. One such study measured salivary counts of lactobacilli and S. mutansin subjects who consumed probiotic gum, xylitol gum, xylitol gum with probiotic, or placebo for three weeks. While both probiotic and xylitol gum groups showed significant reductions in S. mutansscores, the combination of probiotics and xylitol had no effect, suggesting a negative interaction between the two. In an invivostudyChewing sugar-free probiotic gum may reduce the risk of developing white spot lesions and gingival inflammation in susceptible orthodontic patients The use of probiotic strains for caries prevention showed promising results even if only few studies have demonstrated clear clinical outcomes.. Therefore, the scientific evidence is still poor. A continuous regular almost daily intake is probably required; this maybe a compliance aspect to be considered. However, for all products effective in caries prevention (i.e., fluoride and chlorhexidine) a frequent intake is required, so a possible way of administration could be to insert probiotic in other daily preventive products like toothpaste,chewinggums.
CONCLUSIONS
Chewing gum not only offers clinical benefits but also is an attractive, discrete and efficient drug delivery system. A few decades ago, the only treatment for some disease was surgical procedure but now more and more disease can be treated with Novel Drug Delivery Systems. Generally, it takes time for a new drug delivery system to establish itself in the market and gain acceptance by patients, however chewing gum is believed to manifest its position as a convenient and advantageous drug delivery system.
